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FOREWORD 

This document presents the results of work performed 

by the Fluid Mechanico Section of the Lockheed-Hur.tsville 

Research & Engineering Center.    This report is Volume I 

of a two-volume final report,  as required to fulfill Contract 

DAAF-07-73-C-0151.    The results presented In this volume 

represent the experimental portion of the investigation into 

the feasibility of mounting a 105 mm recoilless rifle on Army 

helicopters.    The work was performed for the Army Weapons 

Command (WECOM),   Watervliet Arsenal,   Watervliet,   New 

York,  under the direction of Mr. Don L. Spring, Mr. Charles A. 

Andrade and Major John R, Adams, III. 

This document corstituteii Volume I of a two-part final 

report.    The other volume,  printed separately,   is: 

Volume U — "Analysis of the Flow Field Generated 
During the Firing of a Recoilless Rifle." 
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Section 1 

INTKODUCTION AND SUMMARY 

Lockheed Missiles & Space Company,   Huntsville Research & Engineering 

Center conducted a study entitled "Study into Operational Characteristics of 

Rccoilless Rifles Mounted on Army Helicopters, " Contract DAAF-07-73-C-0151, 

for the Army Weapons Command (WECOM) Watervliet Arsenal,   Watervliet,  N. Y. 

The  study was corcerned with developing a method or device to reduce 

blast overpressure of a 105 mm recoilless rifle to permit its mounting on the 

outboard bomb shackle of a Cobra helicopter.    The overpressure emanating 

from the breech nozzle observed from previous firings of the  105 mm recoilless 

rifle woulu produce excessive loads on the helicopter resulting in structural 

damage.    Hardware modification of the Cobra/l05 weapon system had to be 

restricted to the weapon,   i.e.,   the structure of the helicopter could not be 

strengthened in the blast region.    Considering the constraints imposed on the 

weapons system,  the objective of the study could be translated into the  specific 

requirement of reducing the peak overpressure experienced by the helicopter 

structure to a maximum level of a 5 psi overpressure.    One of the experimental 

firings made during this contract produced a pressure field for which no pres- 

sures were measured which exceeded 5 psig.    This result,  as well a^ other 

experimental results,   indicate that it is at least feasible to mount a modified 

105 mm recoilless rifle on a helicopter which would not produce overpressures 

on the helicopter which are above 5 psig. 

A dominant (ont rolling process in blast wave attenuation has been determined 

experimentally and the experimental trends have been qualitatively verified ana- 

lytically (Volume II).      Ultimate   recoilless   operation  with  a  shroud  can   be 

obtained and optimized through tailoring the shroud and breech nozzle using 

such techniques as a diverging shroud,  angled porous shroud holes or nozzle 

design.    Specific applications would involve tailoring a rifle system by combining 

chamber pressure time history,   grain design and diffuser design to obtain a 

particular weapon systems performance. 

■ i -- ■ ■ 
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The study was comprised of two parts,  an experimental investigation and 

an   tnalytical study.    The purpose of this document is to present the results of 

th<> cxpp rimental study. 

Lockheed's experimental approach to solving the overpressure problem 

was to design and fabricate two devices which were to be mounted at the nozzle 

breech of the  105 mm recoillcss rifle test weapon at Picatinny Arsenal,  N. J. 

The first and primary device built was a cylin Irical porous wall shroud for 

which the porosity could be varied.    The second device consisted of a pair of 

parallel flat plates.    The devices were installed on the test weapon and fired 

on several occasions during the period of February-July 1973 at Picatinny. 

I he experimental data which were obtained was presfture data from trans- 

ducers which were mounted on a ground reflection plane flat pallet (to simu- 

late the carrier profile) located 48 inches from the nozzle centerline and 

parallel to the  centerline.    The transducers were located at several stations 

down the pallet.    Pressure data were also taken utilizing free field static 

pressure; "pencil gauges." However,  the data which are discussed in thio 

report are for the flush mounted pallet gauges as they most closely measure 

the overpressures wh:.ch might be experienced by the helicopter structure. 

■ -■ 
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Section 2 

DISCUSSION 

2.1       BACKGROUND 

Before a solution to the 105 mm recoiliess rifle back blast overpressure 

problem vas undertaken,  the first step was to underutand viiat were the con- 

trolling processes in the flow field and resulting overpressures.  It was stated 

in the R FP for this contract, that the overpressure seemed to be caused by the 

initial shock front and possibly by quasi-steady jet plume impingement.   Lock- 

heed undertook a study unuet a separate contracv,   reported in Ref. 1 which 

showed that for an 81 mm recoiliess rifle there would not be plume impinge- 

ment on a flat plate located 60 inches from the breech nozzle centerline. 

Appendix B of Vol. II of this report describes a similar analysis which was 

performed for the  105 mm recoiliess rifle.    Figure 1  shows the inviscid plume 

boundaries which are obtained for maximum chamber pressures of 6350 and 

12000 psia.    It is apparent from this figure that the steady state inviscid free 

plume will not intersect a plane located 48 inches from the nozzle centerline. 

Based on these results it appears that the overpressures which are present 

are due to the initial shock front. 

Once the problem appeared to be defined,   methods were looked at which 

might at least alleviate part of the overpressures.    Nozzle contouring and area 

ratio changes to lower the nozzle exit pressure were dismissed because the 

main effect of changing the nozzle would be to reduce the exit pressure and the 

plume boundary maximum diameter.    Since there seemed to be no direct plume 

impingement,   reducing the plume boundary probably would not significantly 

affect the overpressures. 

The solution to the problem then seemed to be reduced to devising a 

method of reducing or "directionalizing" the initial shock wave.    Conversa- 

tions between Lockheed-Huntsville personnel and Lockheed Propulsion Company 

personnel have indicated that at least part of the overpressures could be reduced 
1.   Ring, L. R., and h, D. Smith, Recoiliess Rlfls PIUJDB Definition Study," 

IXSC-HREC D306136,  Lockheed Missiles and Space Co., Huntsville, Ala., 
August 1972. 
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through grain design and pressure-time history tailoring.  However,  this ap- 

proach was not investigated further because  solutions involving internal bal- 

listics were not included in the scope of this particular study.    Two devices were 

proposed which were thought to show some promise of providing a solution to the 

bark blast overpressure problem.  The first and primary device was a porous 

wall cylindrical shroud that fitted over the end of the breech nozzle and extended 

aft from the rifle.   The method by which this device could reduce overpressures 

was by reducing the strength of the shock front by diffusing some of the mass out 

the sides of the shroud and by directionalizing the shock by means of the tube 

itself.    Directionalizing the shock would elongate the shock front so that by the 

time the shock front reached the helicopter structure the entire shock front 

would be spread over a larger area and thus the strength of the shock at any 

one point would be lower. 

The second device investigated was a pair of parallel flat plates that fit 

over the breech nozzle and extend aft of the rifle.    It was theorized that by 

orienting the plates parallel to the helicopter surface,  the shock front would 

be directionalized up and away from the surface.    By orienting the plated per- 

pendicular to the reflection plane it could also be determined how the helicopter 

rotor would be affected by the blast. 

The shroud and flat plate devices were to be tested utilizing the Watervliet 

tr ot rifle and pallet setup of Fig.  lb (Enclosure (A) of the letter dated 4 December 

1972 from J. A.   Pisarri to the contractors).    These devices were to be fired by 

Picatinny Arsenal personnel in New Jersey under the guidance of Watervliet and 

Lockheed personnel.    Further details of the shroud and deflector designs and 

test setup are discussed in Sections 2.2 and 2.3. 

2.2      SHROUD/DIFFUSER AND DEFLECTOR DESIGN AND FABRICATION 

The design of porous wall shroud and flat plate deflector was undertaken 

with four items controlling the overall design: (1) ensure that both devices 

remain on gun during the firing; (2) both devices should be able to use same 

mounting hardware; (3) devices should not come apart due to pressure forces 

imposed during firing; and (4) designs of both devices should be such that more 

than one parameter may be examined with each device.    A sketch of the basic 

105 mm test weapon is shown in Fig. 2a and a sketch of the two devices on the 

weapon is shown in Fig. 2b. 

5 
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Porous Shroud Device 

Parallel Plate-Deflector Device 

Fig. 2b   - Variable Porosity and Flat Plate Devices 
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The final design of the porous wall shroud consisted of two l/4-inch 

atcrl tubes,  the inner tube having an ID of 10 inches and the outer tube having 

an ID of 10-l/Z inches.    Each tube had 705 1-inch holes end-milled through 

the walls.    All the holes would line up,   giving approximately 35% porosity. 

The drs.^n was such that the outer shroud would rotate about the inner shroud 

while the shroud was attached to the test weapon.    The shroud was attached to 

Ihr tost weapon by means of a collar which mated to the shroud and four 1-inch 

thrradod rods which were connected to a pair of fittings which in turn were 

c unnoctod to the lip on the plenum chamber housing.    This attach mechanism 

is a redesign of the original as the shroud came off the rifle on the first firing. 

Figure 3 is a photo of the installation.    Variable porosity was obtained by 

srribing index marks on the inner cylinder corresponding to increments of S% 

in porosity.    The outer shroud was attached to the inner shroud at each of the 

porosity "settings" by means of a pair of bolts positioned about the cylinders. 

7'he shroud extended 48 inches beyond the exit plane of the weapon when it was 

installed.   By sliding the outer shroud out and lining up the holes,  length varia- 

tions were obtained while maintaining a porosity/unit length of 35%. 

This was only one problem encountered during fabrication after each 

shroud was "trued" up and the proper amount milled from the outside surface 

of the inner shroud.    The outer shroud was found to be slightly warped or 

"banana shaped" which would not allow the inner shroud to rotate 11 degrees 

with respect to the outer shroud.    The problem was solved by machining the 

inner surface of the outer shroud enough so that the two shrouds would rotate 

1 1 degrees.    It would have been easier and cheaper to machine the outer 

surface of the inner cylinder,   but for structural reasons it was necessary 

to machine the outer cylinder.    The holes in both cylinders were cut sepa- 

rately through each cylinder using an "end mill."   The "end mill" eliminated 

the drill centering problem.    The two cylinders were not "drilled together 

because "burrs" created by drilling 705 holes might "weld" the two cylinders 

together so that they could not be separated. 

The parallel flat plate deflector device consisted of a pair of 16x 31 x 1/4- 

inch flat steel plates with 2 angle irons welded to the outside surface.    The flat 

8 
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platfs wero hf Id together with 3/8-inch threaded rods and tubular spacers. 

The plates were  11 inches apart.    The deflectors attached to the plenum cham- 

ber housing using two V-blocks of metal which fitted around the housing and 

butted up against the inner surface of each of th? flat plates.    Four 1 inch 

threaded rods were used to bolt the two plates and metal brackets together. 

Installed,  the plates extended 20 inches downstream of the exit plane. 

The only problem that was anticipated with the flat plate devices was the 

possibility of the gaseous drag on the threaded attach rods might pull the device 

off the rifle.    This problem was alleviated by using a minimum number of rods 

and firing a low chamber pressure  round.    The only visible effect present after 

firing was the support rod on the nozzle centerline was deformed about 1/4 inch 

at its center. 

Except for the shroud coming off the rifle on the first round both devices 

were designed,   fabricated and mated with the weapon with minimum difficulty. 

2.3      EXPERIMENTAL SETUP 

The experimental firings of the  105 mm test rifle with the shroud and 

deflector devices were made at the Picatinny Arsenal test range.    The experi- 

mental setup which was utilized for these firings is shown in Fig. 4.    This 

setup is the same as was specified by Watervliet as in Fig. lb   (Attachment 

A of the letter from J. A. Pisarri to all contractors dated 4 December 1972). 

This  setup consists of two free field "pencil" gauges (ARC-LC33) positioned 

48 inches from the nozzle centerline at 15 and 30 degrees from the centerline 

measured from the exit plane.    The primary instrumentation which was used 

to determine the effectiveness of the devices are five flush-mounted trans- 

ducers {ARC-LC-70) mounted in a 6-inch strip of aluminum located on a ply- 

wood pallet 48 inches from the nozzle centerline parallel to the nozzle center- 

line.    These gauges are located 12, 24, 48, 83 and 179 degrees from the nozzle 

exit plane.    Two Baldwin SR-4 transducers were used to measure the chamber 

pressure in the forward and aft ends of the combustion chamber.    The projectile 

velocity was measured by using a pair of coils and measuring the time it takes 

the round to travel between the two coils. 

10 

„M^MM 



^mmimm^^^~~~~~** m^m^^^mmmfmm^ammmm^mmmm^ 

LMSC-HREC  TR D306785-I 

1 
« 
u 

f 
4) 

to 

g 
£ 

■r* 
U 
4) 
a 
x 
w 
c 
o 

•iH 
4-> u 
3 

TD 
U a 

4-» 

(0 

^3 

•H   i-4 
0    V 
u •- 
v k 

W 

fcCQ 

in -o 
o v 

U 
(A  V 
<G 
W v 

• H 

11 

 1 1| ■■.   .--^.. I ■   - -    ' 
.     M   ..    '.!■.   ....,■       ^..^..^..^...   . «M^M^ÜMMMÜiMirittiMMMilril 



LMSC-HREC   TR   D306785-I 

Tlic I lu.sli-Mumiilcd Irunadm «• r« wrro locatrtl at the approximatr position 

DI Die  sid»'  DI Ihr licluoptcr l'us«-la^>c.     The purpose of the flush-mounted naugcs 

w.i.s to measure th^ reflectod pressures existing at the surface of the pallet. 

u was hoped that these results would most closely simulate the actual conditions 

experienced by a helicopter side panel. 

The first series of tests including three firings with the shroud were made 

using the above test setup.    The data obtained from the flush-mounted trans- 

ducers indicated that a peak in the reflected pressures might occur between 

Station 83 and  179 so that the remainder of the firings were made with the trans- 

ducers located at 48, 83,   115,  147 and 179 inches from the exit plane.    The data 

obtained with the first test setup also indicated that there might be some "ring- 

ing" in the transducer response due to vibrations occurring in the aluminum 

plate in which the transducers were mounted.    Picatinny alleviated this problem 

by cutting the aluminum strip in several places so that the remainder of the data 

obtained after May  1973 did not seem to have any of the previous "ringing" fre- 

quency in the data. 

2.4       DATA REDUCTION 

The data obtained from each firing consisted of a strip chart which had a 

trace for each channel containing instrumentation.    Each channel (transducer) 

was calibrated at the beginning of a day of firing.    A typical strip chart with 

calibration data is shown in Figs. 5 and 6. 

A typical trace for a single transducer consists of a straight line up to 

the time when blast wave crosses the transducer at which time a sharp "spike" 

occurs in the trace followed by oscillations and at time secondary spikes.   The 

strip chart data was reduced  by Picatinny Arsenal personnel and was recorded 

on a data sheet for each round.    The reduced data for each channel are pre- 

sented in the form of pressure and are presented for each peek on the trace. 

The data in this report are presented using two methods of data reduc- 

tion.   The first method is to use the data as reduced by Picatinny and take the 

first spike in the pressure as the maximum overpressure.   (This is true for 

12 
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Fig.5    - Calibration Data Strip Chart for Typical 105 mm SEAS Round 
(Round 46,   11 June 1973) 
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must  d.u.i (r,ii«H. )    Tlir Hriund mrlhod of roHvu ing thr data was to lair Ihr 

data (rares Irom a c ouplr uf millisrconds downstrram of th*» initial spike,   back 

to the initial spikr.    This method results in the reduced pressures being higher 

than  Piratinny's for some cases and lower for others.    A typical example of 

how this was accomplished is shown in Fig. 7.     By fairing the data there seems 

to be less scatter in the results obtained for similar firings. 

Lockheed 

Fig. 7 - Data Reduction Scheme 

2.5 TESTS PERFORMED WITH LOCKHEED DEVICES 

The purpose behind firing the  iC5 mm recoilless rifle test weapon with 

tho» Lockheed pressure suppression devices was to evaluate the effectiveness of 

these devices in  reducing the blast overpressure which an Army helicopter  vould 

experience.    The tests which were made with the shrouil and the deflector device 

are listed in Table 1.    This table gives not only the test configuration but also 

^he data which were obtained.    The shroud tests were made so that it was possi- 

ble to determine the amount of suppression obtained as a function of shroud 

porosity and length.    The only variable which was obtained from the deflector 

device was the effect of placing the device parallel or perpendicular to the 

pallet surface.    The results of these tests are presented and discussed in the 

next section. 

2.6 RESULTS 

The  results of the 105 mm firings which were made from February through 

July  1973 are presented in this section.    Local peak reflected overpressures at 
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shifted the location of peak prrssurc on the pallet and reduced the overpres- 

sures out to 83 inches but their peak pressures as well as the non-shrouded 

overpressures were approximately as high as eight times those produced by 

round 4 5 at station 179 versus rounds 22 and 42 of comparable P and r max 
geometry.    This seems to indicate a strong dependence on shroud length- 

to-inner-diameter ratio,  at least for the 35% porosity setting. 

The zero porosity round seems to significantly reduce the pressures 

(below 5 psi) out to 130 to 140 inches and beyond this range the results are 

similar to the unshrouded rounds (5 to 15 psi).    Two rounds were fired at 

10% porosity (23 and 34).    Round 23 shows the minimum pressures of the data 

taken out to 83 inches at which point the results became^iigher than the unshrouded 

data.    Round 34 showed higher pressures at 83 inches than round 23 then the 

pressures dropped below that of round 23 beyond 115 inches but still above all 

the unshrouded data.    Round 14 was firsd   at 25% porosity and exhibited a 

pressure versus axial distance distribution very close to round 22 which was 

fired at a 35% porosity. 

The two firings which were made with the flat plate deflectors were 

rounds 55 and 56.    Round 55 was fired with the plates vertical to the pallet 

and round 56 was fired with the plates parallel   to the pallet.    The only data 

obtained from these firings were at 115 and 147 inches.    At 115 inches the 

horizontal flat plate round resulted in the lowest overpressure of all the data 

taken except for the zero porosity shroud and the 35% extended shroud.    The 

vertical round had an overpressure which was 1.5 psi higher than the horizon- 

tal round but still in the lower part of data scatter.    At 147 inches both rounds 

produced the lowest overpressures (7.3) of all rounds fired except for the 35% 

extended round (45). 

Figures 10 through 16 represent the data for all rounds plotted against peak 

average chamber pressure at Stations  12, 24,   48,   83,   115,   147 and 179 inches, 

respectively.   Figure 10 for x = 12 indicates that the peak overpressures at 

this station is fairly constant at about 2.0 psi although the 10% shroud data 
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point in only about 0.1 psi.   Finur« 11 for x - 24 inches again shows the over- 

prrasurc (} pai) as bring fairly constant with chamber pressure with the  10% 

shroud round being at  1.25 psi.    Figure  12 for x = 48 inches shows an upward 

trend  in nvcrpiessuire  except for the shrouded rounds which at 7000 to 7800 

psia average chamber pressure the 10, 25, and 35% porosity rounds are lower. 

Figures 13,  14 and 15 for x = 83,  115 and 147 show the same trends of over- 

pressure dependence on chamber pressure although there is a fairly wide 

scattering in the data which might be caused by variations in propellant load- 

ing characteristics as indicated by Andrade (Ref. 2).    The data points for 

rounds 0, 2 5 and 35% porosity rounds are on the low overpressure side of the 

data scattering and the  10% rounds are on the middle and high side of the data. 

Figure 16 for x = 180 inches shows very little overpressure dependence on 

chamber pressure except for the rounds fired in the first series of tests which 

may be questionable due to vibration effects. 

Figures   17 through 23 present peak reflected overpressure plotted 

versus shroud porosity for stations 12, 24, 48, 83,  115,  147,   179 inches,   respec- 

tively.    In Figs.   17,   18,  and 19 for Station 12, 24 and 48 the minimum over- 

pressure (0.0 to 1.0 psi) is obtained for a porosity below 10%.    The peak in 

overpressure occurs somewhere beyond 35%.    In Fig. 20 for x = 83 the standard 

length shroud porosity (L/D = 4.8) which produces the minimum overpressure 

may be found either below   10% or above 35% as there appears to be a peak 

around 25%.    The dashed line through round 45 indicates what the overpressure 

porosity curve might look like for shroud L/D = 6.8.    At x = 115 inches in Fig. 

21 for L/D = 4.8 the minimum pressure (5.2 psi) was obtained at zero shroud 

porosity and the peak occurs around 30 to 3 5% porosity.    Again the dashed line 

through round 45 (L/D = 6.8) indicates the possible tread with L/D variation. 

For x = 147,   Fig. 22  shows that for an L/D=4.8I  the peak overpressure (22 psi) 

occurs about 20% porosity and rapidly falls off below and beyond this setting. 

For L/D = 6.8,  the dashed line through round 45 shows L/D variation with 

porosity.    At Station 179,   Fig. 23 shows three families of curves.    The first 

set exhibits high resulting overpressures (34 to 40 psi) with a trend of increas- 

ing overpressure with increased porosity for L/D = 4.8.    This curve was the 

data from the first series of firings and round 34.    The second curve for rounds 

23, 35, 42,   (L/D =4.8) peaks at 5.5 psi at 25% porosity.    The dashed line through 

round 45 (L/D = 6.8) shows L/D variations and peak overpressures of about 3,5 

psi. 
2.    An. .ada, C. A,, "Mrao for Raoord-SSAS 105 MI RR Blaat Wer« AtUnuatlon," 

SHEW-RDD-SE, WtUrrllct ATMDAI, Watanrllst, M. T., 1 Naj 1973* 
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Section 3 

CONCLUSIONS 

The design,  fabrication and testing of the back blast attenuation devices 

were accomplished.    Round 45 (L/D = 6.8,  35% porous shroud) attenuated the 

measured overpressure field to levels near 5 psig.    The results of round 45 

and the trends of other shrouded rounds demonstrated that it is feasible to use a 

shroud to permit operation of a recoilless rifle on an^Army helicopter.    The 

weapon system length constraint as well as the 5 psi overpressure constraint 

can probably be met by reducing the inner diameter of the shroud L/D near 7.0. 

This will result in a significantly shorter and lighter shroud which can be tailored 

for operational applications. 

During the second series of 105 mm recoilless rifle firings there were 

three unshrouded rounds (46, 48, 51) fired which had maximum chamber pres- 

sures in the same 4500 to 4700 psi range as round 45.    The average reduction 

in measured reflected pressures ranged from a factor of 2.8 at 83 and 115 in., 

2.5 at 147 in.  to a factor of 1.5 at 179 in.    The overpressures measured for 

round 45 ranged from 2.54 to 4.74 psig as shown in Table 2. 

All the tasks which were undertaken under this contract have been per- 

formed successfully.    A round was fired with the shroud set at 35% porosity 

and an L/D = 6.8 which resulted in peak reflected overpressures on a simulated 

helicopter side panel which did not go above 5 psi.    A device may be obtained 

which both meets the overpressure requirement and the overall weapon length 

constraint by reducing the shroud diameter to the nozzle exit diameter and 

maintaining an L/D = 6.8.    It is possible that by varying porosity and by going 

to a double shroud the peak reflected overpressures may be further reduced 
o 

and thereby allow higher chamber pressure rounds which result in higher pro- 

jectile muzzle velocity.    By going to a thin wall stainless steel or filament 

wound shl-oud a fairly light weight and recoilless back blast attenuator will 
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result which may be highly feasible for mounting on a 105 mm/Cobra helicopter 

system. 

Tt is recommended that additional firings be made with a smaller diameter 

shroud which meets the weapon length constraint.    The test should be made vary- 

ing porosity and also investigate the use of a double shroud.    These tests should 

be performed using the optimum propellant loading combination which results in 

the most attenuated non-shrouded blast flow field.    Numerous tests should be 

made for each desired setting so good data repeatability may be determined. 

A dominant controlling process in blast wave attenuation has been de- 

termined experimentally and the experimental trends have been qualitatively 

verified analytically (Vol.11).    Ultimate recoilless operation with a shroud 

can be obtained and optimized through tailoring the shroud and breech nozzle 

using such techniques as a diverging shroud,  angled porous shroud holes or 

nozzle design.    Specific applications would involve tailoring a rifle system by 

combining chamber pressure time history,  grain design and diffuser design 

to obtain a particular weapon system performance. 
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